In order to study further the long-range correlations ("ridge") observed recently in p+Pb collisions at √ s NN = 5.02 TeV, the second-order azimuthal anisotropy parameter of charged particles, v 2 , has been measured with the cumulant method using the ATLAS detector at the LHC. In a data sample corresponding to an integrated luminosity of approximately 1 µb −1 , the parameter v 2 has been obtained using two-and four-particle cumulants over the pseudorapidity range |η| < 2.5. The results are presented as a function of transverse momentum and the event activity, defined in terms of the transverse energy summed over 3.1 < η < 4.9 in the direction of the Pb beam. They show features characteristic of collective anisotropic flow, similar to that observed in Pb+Pb collisions. A comparison is made to results obtained using two-particle correlation methods, and to predictions from hydrodynamic models of p+Pb collisions. Despite the small transverse spatial extent of the p+Pb collision system, the large magnitude of v 2 and its similarity to hydrodynamic predictions provide additional evidence for the importance of final-state effects in p+Pb reactions.
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23 However, two-particle correlation studies per- shown in Refs. [2, 3] that, after subtracting the com-31 ponent due to momentum conservation, the ∆φ dis- 
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where φ is the azimuthal angle of the particle, Ψ n the track fit. The analysis is restricted to charged 142 particles with 0.3 < p T < 5.0 GeV and |η| < 2.5.
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The tracking efficiency is evaluated using 
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The analysis is performed in different intervals In the last column, the mean and RMS of the number of reconstructed charged particles with |η| < 2.5 and 0.3 < p T < 5 GeV, N rec ch , is given for each activity interval.
response to electrons and hadrons. The distribution shown in Table 1 . Event "activity" is characterized 
Data analysis

171
The cumulant method involves the calculation of events, the two-particle cumulant is obtained as 181 c n {2} = corr n {2} , and the four-particle cumulant 182 c n {4} = corr n {4} − 2 · corr n {2} 2 . Thus the ef-183 fect of two-particle correlations is explicitly re-184 moved in the expression for c n {4}. inclusively from a broad range in p T and η as: tance in η.
[GeV] 〉 The two-particle (upper plot) and four-particle (lower plot) cumulants calculated using the reference flow particles as a function of ΣE Pb T for data (circles), the fully simulated HIJING events (open squares) and the large generator-level HIJING sample (filled squares). For clarity, the points for the fully simulated (generated) HIJING events are slightly shifted to the left (right). 
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A significant second-order harmonic is observed. It is notable that the trend of the p T depen- We are grateful to the authors of Ref.
[18] for providing us with the model predictions for charged particles with η and p T ranges matching those used in the analysis. The model predictions are for two activity intervals corresponding to fractions of events of 0 − 3.4 % and 3.4 − 7.8 % which are then translated into the ΣE Pb T intervals using Fig. 1 . 
